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ABSTRACT
Hart, Morgan M. M.S., Department of Chemistry, Wright State University, 2009.
Cationic Exchange Reactions Involving Dilithium Phthalocyanine.
Dilithium phthalocyanine (Li2Pc) consists of an aromatic macrocycle
possessing a doubly negative charge and two Li+ counterions. One Li+ ion is easily
displaceable while the other remains coordinated to the phthalocyanine ring. The
displaceable Li+ cation can be exchanged with other cations, such as a singly charged
tetra-alkyl ammonium cation, by using several variations of a general procedure. It has
been demonstrated that tetraalkylammonium lithium phthalocyanines (TAA-LiPcs) can
be successfully and reproducibly synthesized with yields ranging from 54.5% up to
64.3%. All TAA-LiPcs demonstrated poor solubilities from approximately <0.2 mg/mL
to 5 mg/ml in the solvents tested (with the exception of tetrapropylammonium lithium
phthalocyanine and tetrahexylammonium lithium phthalocyanine). All of the TAA-LiPcs
synthesized were dark-purple in color, with the exception of tetraheptylammonium
lithium phthalocyanine and tetraoctylammonium lithium phthalocyanine. These two
compounds were dark –blue in color. Melting points varied greatly from >370.4°C to
157.9°C and depended greatly upon the alkyl-chain length of the exchanged cation.
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INTRODUCTION
Phthalocyanine (Pc) 1 exists as an aromatic macrocycle which contains two
protons in the central cavity. One of the most interesting derivatives is a dianion that
may be complexed with up to 70 different metal cations.1
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The current compound of interest is dilithium phthalocyanine (Li2Pc) 2. Its use is
widespread, not only as a dye,2 but also as a solid-state electrolyte in Li-ion batteries,3 or
as a possible hydrogen storage material.4 It has also been demonstrated that one lithium
cation in 2 is fixed in the center of the ring constituting a complex anion (LiPc-) and the
other is mobile and exchangeable5 which suggests a general method of engineering
phthalocyanine crystal structures.
The goals of the current research were 1) to synthesize a series of
tetraalkylammonium lithium phthalocyanines, 2) to characterize each by melting point,
1

H and 13C NMR, IR, UV-Vis, and elemental analysis, and 3) to elucidate structural

characteristics of the compounds by powder X-ray diffraction (XRD).

1

HISTORICAL
Phthalocyanines: History and Structure
Metal-free phthalocyanine (H2Pc) 1 was first discovered in 1907 by Braun and
Tcherniac as the insoluble by-product of the reaction of phthalimide and acetic acid to
produce o-cyanobenzamide.1 Copper (II) phthalocyanine (CuPc) 3 was discovered in
1927 by de Diesbach and von der Weid. The reaction of o-dibromobenzene with copper
cyanide in refluxing pyridine resulted in a 23% yield of 3.1 In 1928, iron phthalocyanine
(FePc) was produced as the result of an industrial accident at the Grangemouth plant of
Scottish Dyes Ltd.1 During the preparation of phthalimide from phthalic anhydride,6 a
glass-lined reaction vessel broke and the contents of the vessel were exposed to the outer
steel casing. This produced an exceptionally stable and insoluble blue-green material,2
which was later patented in 1929 as a pigment.7
Imperial Chemical Industries (ICI, previously Scottish Dyes Ltd) collaborated
with Reginald P. Linstead (Imperial College, London), who ultimately elucidated the
correct structure for 11 and FePc.8 This was later confirmed by Robertson using X-ray
diffraction techniques.9-12 Linstead demonstrated that 1 is a symmetrical macrocycle
which is an aromatic system consisting of 18 π-electrons. It contains a central cavity
large enough to accommodate various metal ions. The Pc ring system is closely related
to that of porphyrin 4. Occasionally, 1 has been alternately named
tetrabenzotetraazaporphyrin.1
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ICI began producing 3 in 1935 under the trade-name Monastral Blue for use as a
pigment.6
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It is considered a “metal phthalocyanine” (MPc) 4a. MPcs 4a may contain any of
seventy different metal ions in the central cavity of the macrocycle. It should be noted
that some metal cations are so tightly bonded to the center of the macrocycle that only
decomposition of the macrocycle would remove them (e.g., Cu2+, Co2+, Fe2+). Metal
cations with large atomic radii, such as in the case of lead phthalocyanine (PbPc) 5, are
unable to sterically fit into the cavity at the center of the macrocycle and lie above the
plane of the Pc ring.1

3

5a

5b

Figure 1. Top down view of 5a and side view of 5b.
The macrocyclic ring usually has of charge of 2- (Pc2-), although other oxidation
states do exist, most notably the oxidized form of the dianion LiPc, a radical.
Metal cations with an oxidation state of 3+, 4+, and 5+ usually either have one or
two ligands bonded to them above and/or below the plane of the macrocycle (e.g., a(HO)2SiPc 6), or form sandwich complexes. Sandwich complexes are typical of some
large lanthanide metal cations (oxidation states 3+, 4+), and consist of metal cations
preferentially complexed by two Pc rings (e.g., ScPc2 7, SmPc2, EuPc2).1 Sandwich
complexes can even contain up to ten Pc subunits, as is the case with HgPc.13
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Phthalocyanines: Crystal Structure
Copper phthalocyanine 3 is the most common Pc derivative and is the largestvolume colorant sold.2 It has two polymorphs (or crystalline forms), the α- and β- forms.
The β-form is more thermodynamically stable than the α–form.14 It was discovered that
reprecipitating 3 from sulfuric acid produced a much brighter dye made up of small α–
type particles. The β-form contained larger and duller crystals.1 Single crystals of 1 and
other planar MPcs suitable for X-ray crystallography can be obtained by vacuum
sublimation. This led initially to the discovery of the β-form crystalline structure of
planar Pcs,14,15 followed by the elucidation of the α–form. Metal-free phthalocyanine and
essentially planar MPcs containing small, divalent central metal ions (i.e., Cu2+, Co2+,
Mn2+, Zn2+, Fe2+, and Ni2+) all form β-type crystals. It has been determined that the βtype crystal unit cell is monoclinic, possessing a P21/a space group. Its lattice parameters
are a = 19.4, b = 4.8, and c = 14.6 Å; β = 120°. The α-form unit cell dimensions (also
monoclinic) are a = 25.9, b = 3.8, and c = 23.9 Å; β = 92°. It is of the space group C2/c.1

Phthalocyanines: Synthesis
Numerous synthetic routes exist to produce 1 and a variety of MPcs. One of the
most common precursors used in the synthesis of Pcs is phthalonitrile (1,2dicyanobenzene) 8. The reaction of 8 with ammonia forms diiminoisoindoline 9, which
in turn cyclotetramerizes in a melt with hydroquinone to form 1.1 An alternative method
for the preparation of 1 is to first synthesize 2 from 8 using a refluxing solution of lithium
pentoxide, and subsequently demetallizing/protonating 2 using dilute aqueous acid.16
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Metal phthalocyanines can be synthesized via a number of routes using various
precursors. Phthalimide 10 and phthalic anhydride 11 are often employed in the
synthesis of MPcs. They are used as precursors in the presence of a metal salt along with
a source of nitrogen, such as urea, in a high boiling solvent (e.g., quinoline). Various
MPcs may alternatively be prepared from 1 or 2 by heating in an ethanolic solution of
and the desired metal salt.1
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Phthalocyanines: Derivatives
Among the most common derivatives of Pc are the benzo-substituted forms, in
which substituents are attached to the outer aromatic ring (benzene) of the Pc molecule.
This typically greatly increases their solubility in a number of solvents since the
substituents reduce the intermolecular attractions within the crystalline lattice.1 A typical
example of a tetra-substituted Pc is tetra-tbutyl Pc 12, in which one tbutyl group is
attached to each benzo-ring on the Pc molecule. It was first synthesized by the Russian
group of Luk’yanets using a four-step synthetic route utilizing 4-tbutylphthalic anhydride
13.17 Since that time, however, a single-step synthesis of 12 from 13 has been
developed.18 Several isomeric arrangements of the tbutyl groups are possible.
Disubstituted derivatives are also possible and have fewer isomeric arrangements of
groups.
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Another important class of Pc derivatives are the napthalocyanines (NPcs) 14.
Napthalocyanines 14 are simply Pcs with an extended conjugated system (i.e., additional
rings incorporated around the outside of the molecule). They are of interest as

8

photoelectronic materials because they absorb light in the near IR region (around 800
nm).1
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Phthalocyanines: Polymers
Three types of polymeric Pcs (PMPcs) exist; network, cofacial (bridged), and
side-chain polymers. Network PMPcs in which Pc rings share benzo-subunits are
synthesized using 1,2,4,5-tetracyanobenzene 15 and pyromellitic dianhydride 16 in a
manner analogous to that of simple MPcs. Sheet-like topology and extensive πconjugation make for interesting electronic properties, although the average degree of
polymerization is small (5-7 Pc units per molecule).1
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Cofacial (bridged) polymers consist of layers of Pc macrocycles bound together
by the axial ligands that are typical of certain cations contained in the center of the Pc
9

ring (e.g., Si4+).1 Side-chain polymers consist of a typical polymer “backbone” (such as
polymethacrylate) with Pc subunits bonded as side-chain units.1

Phthalocyanines: Current Uses
Perhaps the single most important current use of Pcs is in the dye and pigment
industry. As opposed to natural pigments and dyes, such as chlorophyll and haemin, Pcs
are incredibly resistant to chemical or thermal decomposition. However, Pcs are limited
in their use in that they can only produce blue/cyan to green colored pigments, depending
on the metal cation(s) employed and/or crystalline form of the Pc used. Copper
phthalocyanine 3 is a favorite because it is extremely stable and a bright cyan color.
Other Pcs are less stable and/or greener and duller in color as compared to 3.2
The use of Pcs is simply not limited to its use in the dye industry. As mentioned
above, polymers with tunable properties can be synthesized, along with Pcs containing
liquid crystalline properties.1 Phthalocyanines are often employed in thin-film
technology,1 and are used in such technologies as optical data storage18 and non-linear
optics.1

Dilithium Phthalocyanine: Synthesis and Characteristics
Although over 70 different Pc derivatives exist, 2 has received considerable
attention from researchers working in a number of different fields. As mentioned above,
the most direct approach to synthesize 2 is from 8 using a refluxing solution of lithium
metal dissolved in pentanol (lithium pentoxide).1
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Until recently, it was believed that one Li+ ion lay above the plane of the Pc ring
while the second lay directly below it (see Figure 2).3

Figure 2. Pictorial representation of 2 based on ab initio computer calculations.

Lending support to this theory was the fact that is has been demonstrated that Li+
ions are indeed mobile through 2 when it is processed into a solid-state electrolyte along
with Kynar Flex 2801 (used as a binder).20 It was hypothesized that the Li+ ions traveled
through an ionically conducting channel. This channel was thought to be created by the
void in the center of the macrocyclic Pc ring through which Li+ ions could freely travel if
the rings were lined up sequentially in the crystal lattice (see Figure 3).3

11

Figure 3. Proposed model for Li ion conducting channels.

Dilithium Phthalocyanine: Crystal Structure
In 2005, the crystal structure of 2 was ultimately determined by single crystal Xray diffraction. The single crystal was grown from an acetone/toluene solvent mixture
(3:1) over a 12 week period. It was found that 2 consists of pairs of Pc macrocycles
containing a single Li+ firmly bound to the central cavity (LiPc-) 17 forming a singly
charged anion complex, along with acetone-bridged lithium dimers [Li2(C3H6O)2(H2O)4]
18 and [Li2(C3H6O)4(H2O)2] 19 located at inversion centers. The unit cell contains two
symmetry related pairs of 17 along with 18 and 19 (both doubly charged). The
compound was named di-μ-acetone-κ2O:O-bis[(acetone-κO)aqualithium(I)] di-μ-acetoneκ2O:O-bis[diaqualithium(I)] tetrakis{[phthalocyaninato(2-)-κ4N,N’,N’’,N’’’] lithiate(I)}
20. It was therefore concluded that the phenomenon of Li+ ion mobility through the solid
electrolyte must involve the acetone-bridged lithium dimers, while the other Li+ ion
remains firmly fixed within the macrocyclic ring.21
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The chemical formula for 20 is [Li2(C3H6O)4(H2O)2]-[Li2(C3H6O)2(H2O)4][Li(C32H16N8)]4. The unit cell is triclinic (space group, P1), with cell parameters a =
12.8017 Å, b = 14.3637 Å, c = 17.3859 Å, α = 101.5838°, β = 94.1351°, γ = 92.3054°,
and V = 3118.7 Å3. The crystalline structure of 20 can be described in terms of four
distinct fragments (see Figure 4). The first two fragments consist of each pair of co-

Figure 4. Unit cell of 20, viewed looking down the a axis.
planar molecules 17, while the second two consist of dimers 18 and 19. Fragment 1
consists of two molecules of 17, each separated by 3.38 Å, which traverse the boundaries

13

of the unit cell. Fragment 2 also consists of a pair of 17, separated by a distance of 3.062
Å. However, this fragment is contained completely within the unit cell. Fragment 3
(dimer 18) and fragment 4 (dimer 19) also both traverse the boundaries of the unit cell.21
It should be noted that the Li+ ion held within the central cavity of 17 does not lie
perfectly within the plane of the macrocycle. In one instance the Li atom lies 0.396 Å
above the mean plane of the ring, and in the second the Li atom lies 0.121 Å below the
plane of the ring.21

Lithium Phthalocyanine: Radical and Polymorphism
Dilithium phthalocyanine 2 may undergo electrochemical oxidation to form a
stable, neutral monolithium phthalocyanine radical 21.22
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The monolithium phthalocyanine radical 21 possesses several interesting and
unique properties. First, it is one the few intrinsic molecular semiconductors, with a
room temperature conductivity of 2×10-3 S cm-1.1 Second, it can be used to measure the
partial pressure of O2 when utilized in electron paramagnetic resonance (EPR) studies.23
This has important biological implications in that it may be used to measure oxygenation
continuously within tissues in vivo.24
14

Unlike other 4a complexes, 21 possesses three distinct polymorphs; the α, β, and
x-forms. The unit cell parameters for the α-form are monoclinic, with a = 2.62 nm, b =
0.381 nm, c = 2.39 nm, and γ = 94.5° (space group C2/c).22 The β-form is also
monoclinic, with a = 1.94 nm, b = 0.49 nm, c = 1.46 nm, and β = 120.36° (space group
P21/c).5 The x-form has a tetragonal unit cell (space group P4/mcc). Its cell dimensions are
a = b = 1.385 nm, and c = 0.65 nm. The crystalline data regarding the x-form was
obtained from M. Moussavi and A. De Cian in 1993 in private communication with
Brinkmann et al.22

Tetraalkylammonium Lithium Phthalocyanines
In 1985, a paper was published by Homborg and Teske reporting that a new novel
class of compounds had been synthesized, the tetraalkylammonium lithium
phthalocyanines. Two of these compounds were synthesized in particular.
Tridodecylbutylammonium lithium phthalocyanine 24 and tetrabutylammonium lithium
phthalocyanine 25 had been produced from the reaction between 2 and
tridodecylbutylammonium iodide 22 and tetrabutylammonium tetrafluoroborate 23.5
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Tetraalkylammonium Salts: Synthesis and Structure
It is a well known fact that nitrogen compounds can exist as quaternary
ammonium salts. Ordinarily, nitrogen exists as an sp3 hybridized atom bonded to three
substituents and containing a lone pair of electrons. Examples of such compounds
include ammonia 26 and trimethylamine 27.

H
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26

N
CH
CH3 3
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However, alkyl halides may undergo nucleophilic attack by trialkylamines to
form quaternary ammonium salts, in which the nitrogen becomes positively charged.25
An example of this is the reaction of 27 with methyl bromide to form
tetramethylammonium bromide 28.
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Many different variations of tetraalkylammonium salts (TAASs) exist. Some are
symmetry substituted (e.g., 25 and 28), while others, such as 24, are unsymmetrically
substituted (i.e., not all of the alkyl constituents are the same). They may also exist with
a variety of different counterions, such as iodide, bromide, tetrahydroborate, or others.

Tetralkylammonium Salts: Uses
One important use of TAASs has been as a fabric softening agent used in the rinse
cycle of clothes washing. In this case, two of the substituents contain from one to three
carbons while the other two substituents contain aliphatic chains from 12 to 22 carbon
atoms. The counterion may either be a halogen or methyl sulfate. In this case, these salts
are combined with an alkali metal carboxymethyl cellulose to form the fabric softener.26
Other important uses of TAASs are as antimicrobials and wood preservatives,27 and also
as phase-transfer catalysts.28

Tetramethylammonium Lithium Phthalocyanine: Hydrogen Storage
Both tetramethylammonium lithium phthalocyanine 29 and corannulene (C20H10)
30 have both been studied as possible hydrogen storage materials based on ab initio
computer calculations. This work has been performed by two different groups, with
some collaboration between members of each group.4,29
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Tetramethylammonium lithium phthalocyanine 29 is analogous in structure to 24
and 25 synthesized by Homborg and Teske, except that the tetraalkylammonium (TAA)
cation is tetra-substituted with four methyl groups. Corannulene 30 consists of a
pentagon of carbon atoms surrounded by hexagonal rings with a conjugated π system of
electrons. It can be thought of as constituting the “end-cap” of a carbon nanotube without
the extended tube of hexagonal rings. It is “bowl” shaped, and not planar. The reason 30
was used as a model for hydrogen storage computations is that it shares properties in
common with both carbon nanotubes and the phthalocyanines. Carbon nanotubes have
been studied extensively for their hydrogen storage capabilities, and 30 appears to form
layered stacks much like phthalocyanine macrocycles. The crystalline structure of 30 has
a monoclinic space group of P21/c (unit cell dimensions: a = 13.260 Å, b = 11.859 Å, c =
16.520 Å, and β = 120.69°).29
It has been determined computationally that two parameters play a role in the
ability of 30 to absorb and store H2 (hydrogen gas), interlayer distance (ILD) and
intermolecular distance (IMD). Interlayer distance (ILD) is defined by the distance
between vertically stacked molecules of 30 (as if two bowls were stacked one on top of
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another), while IMD is defined as the distance between two molecules of 30 laying side
by side in a horizontal plane.29

Figure 5. Diagram depicting ILD and IMD of 30.
It has been calculated that as the ILD of 30 increases from 4.8 to 8.0 Å, hydrogen
storage capacity increases by approximately 2.0 wt % (up to 3.89 wt %).29
Tetramethylammonium lithium phthalocyanine 29 has also been investigated as a
possible hydrogen storage material by Lamonte et al.4 The theory behind using this
material is that the tetramethylammonium cation is much larger than simple Li+ and can
increase the ILD between the lithium phthalocyanine macrocycles. The ILD between 17
is only 3.24 Å, which precludes the possibility of H2 adsorption. However, incorporating
larger cations within the crystal structure could greatly increase the ILD between 17 and
H2 adsorption would be possible. The lithium phthalocyanine anion 17 is an ideal
candidate for H2 adsorption because it has been demonstrated that the presence of lithium
in doped 30 causes a slight increase of the physisorption energy due to Li-H2 interaction.4

1,3-Bis(1-adamantyl)imidazolium Lithium Phthalocyanine: Crystal Structure
The compound 1,3-bis(1-adamantyl)imidazolium lithium phthalocyanine 31 was
previously synthesized and characterized in 2008.30
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Its crystal structure was determined via x-ray crystallography, and it was
demonstrated that the ILD between 17 was determined to be 10.10 Å (see Figure 6), as
compared to 3.06-3.38 Å for 2.

Figure 6. Pictorial representation of crystal lattice of 31 demonstrating 10.10 Å
separation between 17.
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This can be attributed to the large size of the 1,3-bis(1-adamantyl)imidazolium
cation contained within the crystal lattice between layers of 17.30
The crystal structure of 31 is much different than that of 2. It can be seen from
Figure 6 that 17 does not lie in co-planar pairs as it does in 2. The lithium
phthalocyanine anion 17 instead lies in a stair-step manner within the crystal lattice and
not in pairs.

Figure 7. Crystal packing of 31 demonstrating stair-step stacking of 17.
Although it has been demonstrated that the ILD between 17 can be manipulated
within the crystal structure of a cation exchanged lithium phthalocyanine, it has been
concluded by Lamonte et al. via computational chemistry that H2 adsorption is more a
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function of its attraction to 17 itself than on the ILD between them. This is based on
molecular dynamic simulations on H2 adsorption of 29.4 Steric hindrance and the sheer
“bulkiness” of the molecules must also be taken into account (see Figure 8).

a

b

Figure 8. Simple packing view (a) rods and (b) space-filling model demonstrating steric
hindrance within crystal lattice.
However, from the elucidation of the crystal structure of 31, it has been clearly
demonstrated that crystal structure and ILD can be tailored to suit not only the needs for
greater hydrogen storage, but may also meet the needs for future studies of lithium
phthalocyanine complexes.
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Experimental
Chemicals and Instrumentation
Nuclear Magnetic Resonance (NMR) spectra were obtained using a Bruker
Avance 300 spectrometer. Samples were run in acetone-d6 and CDCl3. Infrared spectra
(IR) were recorded with a Nicolet 6700 FTIR spectrometer. A sodium chloride (NaCl)
window was used to obtain the IR spectra. Absorbance spectra (UV/Vis) were obtained
using a Varian Cary 5000 double beam spectrophotometer. All samples were run in
CHCl3. Melting points were obtained using an Electrothermal capillary melting point
apparatus and are uncorrected. Powder XRD data was obtained using a Rigaku Miniflex
II Desktop X-ray Diffractometer. Dilithium phthalocyanine was obtained from Aldrich.
Tetrapropylammonium bromide (98%), tetrahexylammonium bromide (99%), and
tetraoctylammonium bromide (98%) were obtained from Aldrich. Tetrabutylammonium
bromide (ReagentPlus®, 99%) was obtained from Sigma-Aldrich, and
tetraheptylammonium bromide was obtained from Fluka. Certified ACS grade acetone
was obtained from Fisher Scientific. Dichloromethane was received from VWR
International. All solvents were used without further purification.

Tetramethylammonium Lithium Phthalocyanine 29
This compound was previously synthesized,31 m.p. >363.3°C. Anal. Calc. for
C36H28LiN9 (593.61): C, 72.84; H, 4.75; N, 21.24. Found: C, 73.14; H, 4.55; N, 21.17
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Tetraethylammonium Lithium Phthalocyanine 32
This compound was previously synthesized,31 m.p. >363.3°C. Anal. Calc. for
C40H36LiN9 (649.72): C, 73.94; H, 5.58; N, 19.40. Found:
1,3-Bis(1-adamantyl)imidazolium Lithium Phthalocyanine 31
This compound was previously synthesized,30 m.p. 345-347°C; 1H NMR (300
MHz, DMSO-d6) δ 9.35-9.25 (m, 8H, Ar-H), 9.07 (s, 1H, Ar-H), 8.12-8.02 (m, 8H, ArH), 8.03 (d, 2H, 3J = 1.1 Hz Ar-H), 2.24-2.09 (m, 18H, Al-H), 1.82-1.62 (m, 12H, Al-H);
13

C-NMR (75 MHz, DMSO-d6) δ 154.13, 140.07, 131.28, 127.49, 121.56, 119.53, 59.54,

41.48, 34.83, 28.84; IR (KBr) cm-1 = 3055 (Ar-H), 2912 (C-H), 1604 (C-C), 1583 (C-N),
1483 (C-N), 1090 (C-C), 1055 (C-N);. UV/Vis (DMSO) λmax nm (log ε) = 665 (5.34),
636 (4.53), 601 (4.55), 380 (4.47), 331 (4.53), 255 (4.39); Anal. Calc. for C55H49LiN10
(856.99): C, 77.08; H, 5.76; N 16.34. Found: C, 76.17; H, 5.91; N, 15.86

General Preparation of Tetraalkylammonium Lithium Phthalocyanines
A Soxhlet extraction of approximately 1-5 g of dilithium phthalocyanine (Li2Pc)
was carried out using 200 mL of acetone. Extraction thimble weights were obtained prior
to the extraction and afterward (after vacuum oven drying at 80°C for 1 h). The
difference in the weight of the thimble before and after the extraction indicates the
amount of Li2Pc contained in the acetone solution. An equimolar amount of the desired
tetraalkylammonium salt was dissolved in 80 mL of dichloromethane, and the two
solutions are mixed. The mixture is then washed 3 or 4 times with 200 mL portions of
deionized (DI) water in a separatory funnel. The organic layer is evaporated to
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approximately 1/10 of the original volume and cooled at -20°C for 24 h. The product is
collected by vacuum filtration and dried in vacuo at 60°C for 6-8 h.
Tetrapropylammonium Lithium Phthalocyanine 33
The cation exchange reaction was conducted using 1.5360 g of
tetrapropylammonium bromide and 2.9061 g (5.5207 mmol) of Li2Pc. A purple-colored
product was collected by vacuum filtration and dried to yield 2.2104 g (3.1317 mmol,
56.7%). m.p. 267.5-270.2°C; 1H NMR (300 MHz, CDCl3) δ 9.28 (s, 8H, Ar-H), 7.95 (s,
8H, Ar-H), 0.21-0.16 (m, 8H, -CH2), (-0.69)-(-0.82) (m, 20H, -CH2, -CH3); 1H NMR
(300 MHz, acetone-d6) δ 9.34-9.31 (m, 8H, Ar-H), 7.99-7.96 (m, 8H, Ar-H), 3.01-2.95
(m, 8H, -CH2), 1.52-1.44 (m, 8H, -CH2), 0.75-0.70 (t, 12H, -CH3); 13C-NMR (75 MHz,
CDCl3) δ 154.74, 140.13, 127.61, 121.80, 57.94, 13.54, 9.03; IR (NaCl salt plate) cm-1 =
3057 (C-H), 1331 (C-N), 1281 (C-N), 1165 (C-H), 1113 (C-H), 1092 (C-C), 1057 (C-N),
750 (C-H); UV/Vis (CHCl3) λmax nm (log ε) = 694 (4.36), 656 (4.32), 642 (4.04), 598
(3.89), 337 (4.23), 288 (4.18); Anal. Calc. for C44H44LiN9 (705.82): C, 74.87; H, 6.28; N
17.86. Found: C, 74.69; H, 6.19; N, 17.92
Tetrabutylammonium Lithium Phthalocyanine 23
The cation exchange reaction was conducted using 3.1868 g (9.8855 mmol) of
tetrabutylammonium bromide and 5.1492 g (9.7818 mmol) of Li2Pc. The product was
filtered to yield 4.7950 g (6.2932 mmol, 64.3%) of a purple solid. m.p. 245.6-247.9°C;
1

H NMR (300 MHz, acetone-d6) δ 9.26-9.23 (m, 8H, Ar-H), 7.92-7.89 (m, 8H, Ar-H),

2.89-2.84 (m, 8H, -CH2), 1.33-1.28 (m, 8H, -CH2), 1.06-0.94 (sextuplet, 8H, 3J = 7.4 Hz,
-CH2), 0.65 (t, 12H, 3J = 7.4 Hz, -CH3); 13C-NMR (75 MHz, acetone-d6) δ 155.52,
141.73, 128.11, 122.59, 59.09, 24.14, 20.15, 13.67; IR (NaCl salt plate) cm-1 = 3060 (C-
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H), 1381 (C-H), 1331 (C-N), 1281 (C-N), 1167 (C-H), 1115 (C-H), 1095 (C-C), 1057 (CN), 781 (C-H), 750 (C-H); UV/Vis (CHCl3) λmax nm (log ε) = 694 (5.11), 657 (5.04), 640
(4.61), 597 (4.37), 340 (4.78), 286 (4.57). Anal. Calc. for C48H52LiN9 (761.93): C, 75.67;
H, 6.88; N, 16.54. Found: C, 75.83; H, 6.95; N, 16.70
Tetrahexylammonium Lithium Phthalocyanine 34
The preparation of tetrahexylammonium lithium phthalocyanine 34 differs only in
that the organic layer was filtered after the water wash. The rest of the procedure
remained the same. The cation exchange reaction was conducted using 4.1556 g (9.4667
mmol) of tetrahexylammonium bromide and 4.9719 g (9.4450 mmol) of Li2Pc. The
product was filtered to yield 4.4989 g (5.1467 mmol, 54.5%) of a purple solid. m.p.
257.3-259.0°C; 1H NMR (300 MHz, acetone-d6) δ 9.26-9.25 (m, 8H, Ar-H), 7.92-7.89
(m, 8H, Ar-H), 1.15-0.84 (m, 40H, CH2), 0.64 (t, 12H, -CH3); 13C-NMR (75 MHz,
CDCl3) δ 127.50, 121.84, 56.87, 30.53, 24.82, 21.86, 20.50, 13.61; IR (NaCl salt plate)
cm-1 = 3047 (C-H), 1400 (C-H), 1381 (C-H), 1329 (C-N), 1279 (C-N), 1159 (C-H), 1109
(C-H), 1086 (C-C), 1053 (C-N), 779 (C-H), 746 (C-H); UV/Vis (CHCl3) λmax nm (log ε)
= 695 (4.00), 658 (4.27), 643 (3.92), 608 (3.85), 335 (4.30), 289 (4.51). Anal. Calc. for
C56H68LiN9 (874.14): C, 76.94; H, 7.84; N 14.42. Found: C, 76.83; H, 7.94; N, 14.36
Tetraheptylammonium Lithium Phthalocyanine 35
The preparation of tetraheptylammonium lithium phthalocyanine 35 differs in that
the product was dried in vacuo at 107°C for 24 h. The cation exchange reaction was
conducted using 0.8626 g (1.7579 mmol) of tetraheptylammonium bromide and 0.9138 g
(1.736 mmol) of Li2Pc. The purple product was filtered to yield 0.9196 g (0.9886 mmol,
56.9%). m.p. 183.2-185.9°C; 1H NMR (300 MHz, acetone-d6) δ 9.26-9.23 (m, 8H, Ar-
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H), 7.92-7.89 (m, 8H, Ar-H), 2.33-2.28 (m, 8H, -CH2), 1.02-0.60 (m, 50H, -CH2, -CH3);
13

C-NMR (75 MHz, acetone-d6) δ 155.53, 141.73, 128.14, 122.61, 58.87, 32.12, 26.58,

23.10, 21.94, 14.23; IR (NaCl salt plate) cm-1 = 3068 (C-H), 1377 (C-H), 1322 (C-N),
1279 (C-N), 1159 (C-H), 1109 (C-H), 1086 (C-C), 1053 (C-N), 746 (C-H); UV/Vis
(CHCl3) λmax nm (log ε) = 693 (5.07), 657 (5.07), 639 (4.64), 603 (4.41), 339 (4.86), 308
(4.30), 289 (4.51). Anal. Calc. for C60H76LiN9 (930.25): C, 77.47; H, 8.23; N, 13.55.
Found: C, 77.39; H, 8.13; N 13.62
Tetraoctylammonium Lithium Phthalocyanine 36
The preparation of tetraoctylammonium lithium phthalocyanine 36 differs in that
the product was collected via vacuum filtration directly after being washed with DI water.
The cation exchange reaction was conducted using 5.1242 g (9.3714 mmol) of
tetraoctylammonium bromide and 4.8343 g (9.1836 mmol) of Li2Pc. The product,
5.2007 g (5.2727 mmol, 57.4%), was obtained as a blue solid. m.p. 157.9-159.8°C; 1H
NMR (300 MHz, acetone-d6) δ 9.26-9.24 (m, 8H, Ar-H), 7.92-7.90 (m, 8H, Ar-H), 1.100.69 (m, 68H, -CH2, -CH3); 13C-NMR (75 MHz, acetone-d6) δ 155.55, 141.74, 128.14,
122.61, 58.98, 32.39, 29.63, 26.70, 23.22, 22.04, 14.30; IR (NaCl salt plate) cm-1 = 3068
(C-H), 1402 (C-H), 1381 (C-H), 1329 (C-N), 1279 (C-N), 1161 (C-H), 1107 (C-H), 1088
(C-C), 1055 (C-N), 779 (C-H), 748 (C-H); UV/Vis (CHCl3) λmax nm (log ε) = 694 (4.41),
657 (4.38), 642 (3.94), 599 (3.72), 337 (4.28), 287 (4.18). Anal. Calc. for C64H84LiN9
(986.35): C, 77.93; H, 8.58; N, 12.78. Found: C, 78.08; H, 8.68; N, 12.77
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RESULTS AND DISCUSSION
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29, 32, 33, 23, 34, 35, 36

A series of TAA-LiPcs were synthesized by a simple cation exchange reaction.
The complex anion LiPc-1 17 appears to be a fairly stable entity and the external lithium
is readily exchanged.5,21
In general, dilithium phthalocyanine 2 could be purified by Soxhlet extraction of
commercial material. The extracted material (solution) can be mixed with the
tetraalkylammonium compound in acetone or a mixed acetone/CH2Cl2 solution.
Extraneous ions (e.g., LiBr) and acetone can be removed by an aqueous wash to provide
the compounds 29, 32, 33, 23, 34, 35, and 36 as solids or in solution. Isolation of pure
compounds can be accomplished by filtration or solvent reduction followed by
crystallization. Exceptions to this general procedure are delineated in the experimental
section.
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All of the compounds to be discussed will be referred to by the abbreviations
listed in Table 1.

Table 1. Numbers and abbreviations of compounds under study.
Number
29
32
33
23
34
35
36

Compound Name
Tetramethylammonium
lithium phthalocyanine
Tetraethylammonium
lithium phthalocyanine
Tetrapropylammonium
lithium phthalocyanine
Tetrabutylammonium
lithium phthalocyanine
Tetrahexylammonium
lithium phthalocyanine
Tetraheptylammonium
lithium phthalocyanine
Tetraoctylammonium
lithium phthalocyanine

Abbreviation
Me4NLiPc
Et4NLiPc
Pr4NLiPc
Bu4NLiPc
Hex4NLiPc
Hept4NLiPc
Oct4NLiPc

Elemental Analysis
Elemental analysis was performed on all samples in the series, to establish their
composition especially in view of the exchange nature of the reaction and the simplicity
of the work up. The agreement between calculated and found values for carbon and
nitrogen for all compounds except 32 are well within acceptable limits.
Tetraethylammonium lithium phthalocyanine 32 was then recrystallized from
dichloromethane and re-submitted for analysis. A second elemental analysis was
conducted and it was found to contain 69.80% C, 5.69% H, 18.20% N, all of which (with
the exception of hydrogen) are out of range of publishable results.
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Table 2. Results of Elemental Analysis.
Compound
Me4NLiPc (29)
Et4NLiPc (32)
Pr4NLiPc (33)
Bu4NLiPc (23)
Hex4NLiPc (34)
Hept4NLiPc (35)
Oct4NLiPc (36)

Calculated

Found

C: 72.84%
H: 4.75%
N: 21.24%
C: 73.94%
H: 5.58%
N: 19.40%
C: 74.87%
H: 6.28%
N: 17.86%
C: 75.67%
H: 6.88%
N: 16.54%
C: 76.94%
H: 7.84%
N: 14.42%
C: 77.47%
H: 8.23%
N: 13.55%
C: 77.93%
H: 8.58%
N: 12.78%

C: 73.14%
H: 4.55%
N: 21.17%
C: 70.88% / 69.80%
H: 5.72% / 5.69%
N: 17.83% / 18.20%
C: 74.69%
H: 6.19%
N: 17.92%
C: 75.83%
H: 6.95%
N: 16.70%
C: 76.83%
H: 7.94%
N: 14.36%
C: 77.39%
H: 8.13%
N: 13.62%
C: 78.08%
H: 8.68%
N: 12.77%

Melting Points
The melting points of the tetraalkylammonium lithium phthalocyanines varied
widely. The tetramethylammonium derivative 29 and the tetraethylammonium derivative
32 had melting points above the range of the capillary instrument (>363.3°C).
Table 3. Melting points of TAA LiPc Derivatives.
Compound

Melting Point

Pr4NLiPc (33)

267.5-270.2°C

Bu4NLiPc (23)

245.6-247.9°C

Hex4NLiPc (34)

257.3-259.0°C

Hept4NLiPc (35)

183.2-185.9°C

Oct4NLiPc (36)

157.9-159.8°C
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Figure 9. Trend showing decreasing melting point with growing
tetraalkylammonium chain length.
The relationship between alkyl chain length and melting point appears to be linear
with the exception of 34 (Figure 9). Repeated determination of the melting point for 34
confirmed the validity of the measurement.
Solubilities
The solubilities of 33-36 were determined in acetone, chloroform, and
dichloromethane. Samples were tested in triplicate in order to ensure the precision of the
technique, and to gather statistical data. Results will be given as the average of these
three results along with their standard deviations. The solubilities of 29 and 32 have not
been studied and will not be discussed here. It can be clearly seen from the data that there
is no trend whatsoever that can be established between any certain compound and its
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solubility in any specific solvent. It is very interesting to note that 33 is only soluble to
the extent of about 1.0 mg/ml in acetone and 34 about 0.36 mg/ml in acetone, while
Table 4. Solubilities of TAA-LiPcs in various organic solvents.
TAA LiPc

Solvent

Solubility

Pr4NLiPc (33)

>23.96±0.09 mg/ml

Bu4NLiPc (23)

5.55±0.14 mg/ml

Hex4NLiPc (34)

CHCl3

>26.73±0.09 mg/ml

Hept4NLiPc (35)

0.24±0.15 mg/ml

Oct4NLiPc (36)

0.48±0.10 mg/ml

Pr4NLiPc (33)

1.05±0.12 mg/ml

Bu4NLiPc (23)

0.75±0.05 mg/ml

Hex4NLiPc (34)

Acetone 0.36±0.06 mg/ml

Hept4NLiPc (35)

1.57±0.03 mg/ml

Oct4NLiPc (36)

4.21±0.34 mg/ml

Pr4NLiPc (33)

>15.15±0.10 mg/ml

Bu4NLiPc (23)

0.96±0.07 mg/ml

Hex4NLiPc (34)

CH2Cl2

>21.62±0.04 mg/ml

Hept4NLiPc (35)

0.17±0.03 mg/ml

Oct4NLiPc (36)

4.31±0.09 mg/ml

both are so soluble in chloroform and dichloromethane that not enough product could be
utilized to find the maximum solubility in each. In addition, tetrabutylammonium lithium
phthalocyanine 23 proved to be completely insoluble in dioxane, a solvent that was
considered for possible use in UV-Vis spectroscopy.
1

H-NMR Spectroscopy
The 1H NMR spectra of 33, 23 and 34 were determined in both CDCl3 and

acetone-d6 with strikingly different results.
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a

b
Figure 10. 1H-NMR spectra of Pr4NLiPc 33 in (a) acetone-d6 and (b) CDCl3.
For Pr4NLiPc 33, in acetone-d6 (Figure 11), the multiplet centered at δ 7.97 can
be attributed to the eight HA protons, and the multiplet centered at δ 9.32 can be attributed
33

to the eight HB protons of the macrocycle, LiPc-1. These peaks become broadened
singlets at δ 7.98 and 9.33, respectively in CDCl3, with an integration of eight protons
each.
HA
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Figure 11. Pr4NLiPc 33 with the location of unique protons HA – HE shown.
In acetone-d6 (Figure 10a), a multiplet centered at δ 2.98 can be attributed to the
eight HC protons. The multiplet centered at δ 1.48 can be attributed to the eight HD
protons. A triplet centered at δ 0.72 can be attributed to the twelve HE protons.
In CDCl3 (Figure 10b), the peaks arising from the alkyl chains of the
tetrapropylammonium cation are strikingly different from those appearing in acetone-d6.
The HC proton absorption is shifted upfield to δ 0.33 and the HD and HE proton
absorptions are shifted upfield to δ -0.64. This upfield shift suggests a shielding effect
due to an interaction between the cation and anion because CDCl3 is not known to induce
shielding effects of this magnitude.
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a

b
Figure 12. 1H-NMR spectra of Bu4NLiPc 23 in (a) acetone-d6 and (b) CDCl3.
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Figure 13. Bu4NLiPc 23 with the location of unique protons HA – HF shown.
For Bu4NLiPc 23, in acetone-d6 (Figure 12a), the multiplet centered at δ 7.90 can
be attributed to the eight HA protons, and the multiplet centered at δ 9.24 can be
attributed to the eight HB protons of the macrocycle LiPc-1. These peaks are broadened
singlets at δ 8.02 and 9.40 in CDCl3 (Figure 12b) with an integration of eight protons for
each.
In acetone-d6, a multiplet centered at δ 2.87 can be attributed to the eight HC
protons. The multiplet centered at δ 1.48 can be attributed to the eight HD protons. A
sextuplet centered at δ 1.00 can be attributed to the eight HE protons and the triplet
centered at δ 0.64 can be attributed to the twelve HF protons. In CDCl3, the absorptions
arising from the alkyl chains of the tetrabutylammonium cation are also strikingly
different from those appearing in acetone-d6. A multiplet centered at δ 0.63 can be
attributed to the eight HC protons. A triplet centered at δ 0.12 can be attributed to the
twelve HF protons of the terminal methyl groups. Two sets of multiplets (δ -0.05, and δ 0.39) can be attributed to the eight HD protons and the eight HE protons although absolute
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assignment cannot be made. It appears that the terminal protons HC and HF are least
affected and the protons in the middle of the chain HD and HE are affected most by the
solvent change.

a

b
Figure 14. 1H-NMR spectra for Hex4NLiPc 34 in (a) acetone-d6 and (b) CDCl3.
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Figure 15. Hex4NLiPc 34 with the location of unique protons HA – HH shown.
For Hex4NLiPc 34, in acetone-d6 (Figure 14a), the multiplet centered at δ 7.90
can be attributed to the eight HA protons, and the multiplet centered at δ 9.26 can be
attributed to the eight HB protons of the macrocycle LiPc-1. These peaks become
broadened multiplets centered at δ 7.94 and at δ 9.30 in CDCl3, with an integration of
eight protons each.
In acetone-d6, a triplet centered at δ 2.64, which is partially obscured by a solvent
impurity (Figure 14a), can be attributed to the eight HC protons. There is a broad
multiplet centered at δ 1.00, which can be attributed to the eight HD protons, the eight HE
protons, the eight HF protons, and the eight HG protons all absorbing closely. There is
also a triplet centered at δ 0.64 which can be attributed to the twelve HH protons.
In CDCl3 (Figure 14b), it appears that the upfield shift of the absorptions of the
protons on the alkyl chains of the cation follows that observed for Bu4NLiPc 23. The
quintet centered at δ 0.67 can be attributed to either HD, HE, HF, or HG, although no
absolute assignment can be made. The quartet centered at δ 0.59 can be attributed to the
twelve terminal HH protons. A multiplet centered at δ 0.26, the quintet centered at δ -
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0.28, and a multiplet centered at δ -0.66 can be attributed to the HD, HE, HF, or HG
protons. Although, again, no absolute assignments for these protons can be made.

Figure 16. 1H-NMR spectra for Hept4NLiPc 35 in acetone-d6.
The spectrum of Hept4NLiPc 35 was determined only in acetone-d6, and not in
CDCl3 because 35 proved to be too insoluble in CDCl3 to obtain a spectrum. For
Hept4NLiPc 35 (Figures 16, 17), the multiplet centered at δ 7.90 can be attributed to the
eight HA protons, and the multiplet centered at δ 9.25 can be attributed to the eight HB
protons of the macrocycle LiPc-1. A multiplet centered at δ 2.31 can be attributed to the
eight HC protons. The multiplet at δ 0.99 can be attributed to the HD protons, and the
triplet absorption at δ 0.65 can confidently be attributed to the HI protons. A broad
absorption at δ 0.82 as well as one centered at δ 0.60 account for the remaining HE, HF,
HG and HH protons.
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Figure 17. Hept4NLiPc 35 with the location of unique protons HA – HI shown.

Figure 18. 1H-NMR spectra for Oct4NLiPc 36 in acetone-d6.
The proton spectrum of Oct4NLiPc 36 (Figure 18) was determined only in
acetone-d6, as its solubility in CDCl3 is also too poor to obtain a meaningful spectrum.
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Figure 19. Oct4NLiPc with the location of unique protons HA – HJ shown.
For Oct4NLiPc 36 (Figure 18, 19), the multiplet centered at δ 7.91 can be
attributed to the eight HA protons and the multiplet centered at δ 9.25 can be attributed to
the eight HB protons of the macrocycle LiPc-1. A multiplet appearing at δ 2.65 (partially
obscured by an impurity) can attributed to the eight HC protons. In addition, a triplet
absorption appearing at δ 0.72 can easily be attributed to the terminal HJ protons. Protons
HD, HE, HF, HG, HH and HI can be accounted for in the absorptions at δ 1.09, δ 0.97, and δ
0.83.
13

C-NMR Spectroscopy
Carbon NMR was performed on all of the compounds, except Me4NLiPc 29 and

Et4NLiPc 32. Spectroscopy was performed in CDCl3 for both Pr4NLiPc 33 and
Hex4NLiPc 34, due to their high solubility in this solvent. Acetone-d6 was the solvent of
choice for the remainder of the compounds (i.e., Bu4NLiPc 23, Hex4NLiPc 34,
Hept4NLiPc 35, and Oct4NLiPc 36).
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In all of the spectra (with the exception of Hex4NLiPc 34), four peaks can be seen
at approximately 155 ppm, 140 ppm, 127 ppm, and 122 ppm. These correspond to
carbons a, b, c, and d, respectively, of LiPc-1 17 (Figure 24).30
d

N
N
N

c
b
a
N
N
Li+
N

N
N

17
Figure 20. The four unique carbon atoms (labeled a, b, c, and d) of LiPc-1 17.

Figure 21. 13C-NMR spectrum of Pr4NLiPc 33 in CDCl3.
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Figure 22. The location of C1 - C3 in the tetrapropylammonium cation in 33.
In the case of Pr4NLiPc 33 (Figure 21), the four peaks located at 155.74 ppm,
140.13 ppm, 127.61 ppm, and 121.80 ppm are attributable to the aromatic carbons in 17
as earlier discussed. It should be noted that the peaks at 155.74 ppm and 140.13 ppm are
broadened as were the aromatic absorptions in the proton spectrum in CDCl3 (Figure x).
An absorption at 9.03 ppm can be attributed to C3 in the tetrapropylammonium cation.
The peak at 13.54 ppm can be attributed to carbon C2 and the peak at 57.94 ppm can be
attributed to carbon C1.
For comparison purposes, ChemDraw was used to predict the chemical shifts for
the propyl carbons in 33 (Figure 23). Good agreement between predicted and observed
chemical shifts is obvious.

Figure 23. The ChemNMR C-13 estimation of
chemical shifts of the carbons in the
tetrapropylammonium cation in 33.
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Figure 24. 13C-NMR spectrum of Bu4NLiPc 23 in acetone-d6.
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23
Figure 25. The location of C1 - C4 in the tetrabutylammonium cation in 23.
As with Pr4NLiPc 33, four aromatic peaks are found at 155.52 ppm, 141.73 ppm,
128.11 ppm, and 122.59 ppm in the case of Bu4NLiPc 23 (Figure 24). In the aliphatic
region, four peaks can be clearly seen which represent the four carbons in the alkyl chain
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of the tetrabutylammonium cation. The peak at 13.67 ppm can be attributed to carbon C4.
The peak at 20.15 ppm can be attributed to carbon C3. The peak at 24.14 ppm can be
attributed to carbon C2 and the peak at 59.09 ppm can be attributed to the carbon C1.

Figure 26. 13C-NMR spectrum of Hex4NLiPc 34 in CDCl3.
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Figure 27. The location of C1 - C6 in the tetrahexylammonium cation in 34.
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In the spectrum of Hex4NLiPc 34 (Figure 26), there are four aromatic peaks at
155 ppm, 140 ppm, 127.50 ppm, and 121.84 ppm. The two peaks at 155 ppm and 140
ppm, however, are broadened. It is interesting to note that the corresponding peaks are
also shortened and broadened in the spectrum of Pr4NLiPc 33, which was also run in
CDCl3 as a solvent.
In the aliphatic region of Hex4NLiPc 34 (see Figure 26), however, there are six
sharp peaks representing the six carbons in the alkyl chains of the tetrahexylammonium
cation. The peak at 13.61 ppm can be attributed to the carbon labeled C6. The peak at
21.86 ppm can be attributed to the carbon labeled C5. The peak at 30.53 ppm can be
attributed to the carbon labeled C4, while the peak at 24.82 ppm can be attributed to the
carbon labeled C3. The peak at 20.50 ppm can be attributed to the carbon labeled C2.
Finally, the peak at 56.87 ppm can be attributed to the carbon labeled C1.

Figure 28. 13C-NMR spectrum of Hept4NLiPc 35 in acetone-d6.
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Figure 29. The location of C1 - C7 in the tetraheptylammonium cation in 35.
In the case of Hept4NLiPc 35, four aromatic peaks can be clearly seen at 155.53
ppm, 141.73 ppm, 128.14 ppm, and 122.61 ppm (see Figure 28). The peak at 14.23 ppm
can be attributed to the carbon labeled C7. The peak at 23.10 ppm can be attributed to the
carbon labeled C6. The peak at 32.12 ppm can be attributed to C5. A peak appears at δ
29.20 for C4, and it can be seen (Figure 28) as a small peak on the right side of the center
peak in the enlarged area of the graph. The peak at 26.58 ppm can be attributed to the
carbon labeled C3, while the peak at 21.94 ppm can be attributed to the carbon labeled C2.
The peak at 58.87 ppm can be attributed to the carbon labeled C1.
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Figure 30. The location of C1 - C8 in the tetraoctylammonium cation in 36.
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Figure 31. 13C-NMR spectrum of Oct4NLiPc 36 in acetone-d6.
In the case of Oct4NLiPc 36 (Figure 30, 31), the typical four aromatic peaks
occur at 155.55 ppm, 141.74 ppm, 128.14 ppm, and 122.61 ppm. The eight carbons of the
octyl chains can be identified by absorptions in the 0 – 60 ppm region. The peak at 14.30
ppm can be attributed to C8, the peak at 23.22 ppm can be attributed to carbon C7, the
peak at 32.39 ppm can be attributed to carbon C6. Absorptions for carbons C5 and C4 can
be found in the septet associated with the solvent, i.e. shoulders at 29.63 ppm and 29.24
ppm can be attributed to C5 and C4, respectively, in accordance with previous alkyl chain
assignments. The peak at 26.70 ppm can be attributed to carbon C3. The peak at 22.04
ppm can be attributed to carbon C2. Finally, the peak at 58.98 ppm can be attributed to
carbon C1.
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IR Spectroscopy
IR spectroscopy was performed using NaCl salt plates. This method is known to
produce little background interference, and no background subtraction is necessary. The
spectrum of Li2Pc 2 is shown below (Figure 32).

Figure 32. IR spectrum of Li2Pc 2.
The absorption peaks lie predominately in the fingerprint region. The peaks
responsible for carbon/nitrogen stretching and bending occur at 1587 cm-1, 1487 cm-1,
1328 cm-1, 1282 cm-1, and 1057 cm-1. The peaks at 3059 cm-1, 1167 cm-1, 1115 cm-1, 779
cm-1, and 750 cm-1 result from the interaction of carbon with the peripheral ring
hydrogens. The peaks at 1606 cm-1, and 1093 cm-1 results from a carbon/carbon stretch
within the macrocyclic ring.30 Notable peaks also occur at 1706 cm-1, 1454 cm-1, 887 cm1

, and 729 cm-1 and all represent other atomic interactions within the macrocyclic ring of

Li2Pc 2.
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Figure 33. IR Spectrum of Pr4NLiPc 33.
The peaks in the fingerprint region of the IR spectrum of Pr4NLiPc 33 are nearly
identical to that of Li2Pc 2. However, many medium peaks arise in the region of 3000 2500 cm-1. These can be attributed to carbon/hydrogen stretching and bending within the
alkyl chain of tetrapropylammonium cation. These peaks appear at 3075 cm-1, 2976 cm-1,
2940 cm-1, 2885 cm-1, 2840 cm-1, 2603 cm-1, and 2536 cm-1.

Figure 34. IR spectrum of Bu4NLiPc 23.
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The IR spectrum of Bu4NLiPc 23 contains all of the same peaks (at nearly the
same wavenumber) as Pr4NLiPc 33 in the fingerprint region, with the addition of a peak
at 781 cm-1. Peaks appearing in the region of 3000 - 2500 cm-1 are located at 3075 cm-1,
2964 cm-1, 2943 cm-1, and 2875 cm-1.

Figure 35. IR spectrum of Hex4NLiPc 34.
The IR spectrum of Hex4NLiPc 34 contains all of the same peaks (at
approximately the same wavenumber) as Bu4NLiPc 23. However, an additional peak
shows up at 1377 cm-1, indicating a symmetrical bending vibration between carbon and
hydrogen within a methyl group. Additional peaks arise at 3729 cm-1, 3720 cm-1, 2958
cm-1, 2929 cm-1, and 2871 cm-1.
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Figure 36. IR spectrum of Hept4NLiPc 35.
The IR spectrum of Hept4NLiPc 35 contains all of the same peaks in
approximately the same locations as Hex4NLiPc 34 in the fingerprint region. However,
there is an additional peak that arises at 1400 cm-1, which comes from a carbon/hydrogen
interaction. Peaks also arise at 2952 cm-1, 2927 cm-1, and 2858 cm-1.

Figure 37. IR spectrum of Oct4NLiPc 36.
The IR spectrum of Oct4NLiPc 36 is nearly identical to that of Hept4NLiPc 35.
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UV-Vis Spectroscopy
UV-Vis spectroscopy was performed in CHCl3 on all of the compounds, with the
exception of Me4NLiPc 29 and Et4NLiPc 32. Remarkably, all of the spectra (with the
exception of Hept4NLiPc 35) are nearly identical with two strong absorptions in the range
of 695-693 nm and 658-656 nm, and two weaker absorptions in the range of 642-639 nm
and 608-597 nm in the visible region. In the UV region a broad peak can be seen in the
range of 340-335 nm, along with a smaller peak in the range of 289-286 nm. In the case
of Hept4NLiPc 35, the peak at 693 nm is not as pronounced and sharp as with the other
compounds. It also possesses an extra peak at 308 nm that is not seen in the other
compounds. Extinction coefficients tended be on the order of 1×104 M-1·cm-1 to 1×105
M-1·cm-1, with the exception of some peaks that had extinction coefficients on the order
of 1×103 M-1·cm-1 (i.e., 598 nm for Pr4NLiPc 33, 643 and 608 nm for Hex4NLiPc 34, and
642 nm for Oct4NLiPc 36).
Comparing the UV-Vis spectra with that of the parent compound, Li2Pc 2,
indicates that the TAA cations within each compound do not contribute to the absorption
spectra, and that any UV-Vis absorptions that are present emanate from LiPc- 17 itself.
Strong absorptions in the 600-700 nm (visible) region of phthalocyanines contributes to
their purple or blue color.30 In this particular solvent (CHCl3), phthalocyanines must
exhibit sharp absorptions at 694 nm, 657 nm, and weaker ones at 641 nm, and 604 nm.
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Pr4NLiPc 33 (5×10-6 M)

Bu4NLiPc 23 (1.5×10-6 M)

Hex4NLiPc 34 (9.3×10-7 M)

Hept4NLiPc 35 (1×10-5 M)

Oct4NLiPc 36 (7.3×10-6 M)
Figure 38. Comparison of UV-Vis spectra of the compounds 33, 23, 34, 35, and 36.
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Powder Diffraction (XRD) Studies
X-ray diffraction studies were performed on Li2Pc 2, Me4NLiPc 29, Et4NLiPc 32,
Pr4NLiPc 33, Bu4NLiPc 23, Hex4NLiPc 34, Hept4NLiPc 35, and Oct4NLiPc 36 using a
powder diffractometer. No single crystal of any compound could be grown for a single
crystal study. Powder diffraction studies involve scanning a finely mulled powder of the
compound using X-rays to determine a “powder pattern”, which produces a graph of
peaks. The more peaks that are present in the graph indicate a more ordered, crystalline
structure. Less peaks indicate a more amorphous material. The compounds Me4NLiPc
29 and Oct4NLiPc 36 had far less peaks in their diffraction pattern than all of the other
compounds, indicating a less crystalline structure. Unfortunately, very little actual data
regarding the crystalline structure of a compound can be obtained using this technique.
Not even unit cell parameters can be computed from the data at the present time.
Conclusions
Elemental analysis performed on the compounds confirms their identity, with the
exception of Et4NLiPc 32. All of the elemental percentages were within the 0.25% range
of deviation from the calculated values. The additional analytical tests performed on the
compounds further served to verify their identity.
An interesting observation should be noted with regard to the 1H-NMR results.
All samples (with the exception of 29, 32, 35, and 36) were run in both CDCl3 and
acetone-d6 with strikingly different results. Samples run in CDCl3 all showed a striking
upfield shift for the alkyl chain peaks (some even past the TMS reference standard for
shielding). This lends credibility to the theory that some type of molecular stacking (or
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“sandwiching” effect) is occurring in CDCl3 solutions that can cause magnetic shielding
of the alkyl chains of the TAA cation, thus causing the upfield alkyl shift.

Figure 39. Illustration demonstrating the possible “sandwich” effect that occurs in TAALiPcs in CDCl3 solution.
In conclusion, it can be stated that the procedural work-up used to synthesize a
series of tetraalkylammonium lithium phthalocyanines from dilithium phthalocyanine 2
was successful. In the future, this procedure (or variations thereof) can be used to
produce a vast array of lithium phthalocyanine derivatives containing various organically
based cations.
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Li2Pc 2

Me4NLiPc 29

Et4NLiPc 32

Pr4NLiPc 33

Bu4NLiPc 23

Hex4NLiPc 34

Hept4NLiPc 35

Oct4NLiPc 36

Figure 40. Graphs produced for each compound by powder XRD.
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